GX 301-2 AS SEEN BY INTEGRAL 
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ABSTRACT 



We present observations of the High Mass X-ray 
Binary GX301— 2 taken during the Galactic Plane 
Scan (GPS) with INTEGR AL following our RXTE 
observations (|Krevkenbohm et all 120041) . The op- 
tical companion of GX301— 2 is the Blla-|- hyper- 
giant Wray 977 with a luminosity of 1.3 x 10^ L0 
and a mass of '^48M0 making the system one of 
the most massive X-ray binaries known. The system 
was observed 24 times during the GPS thus cover- 
ing many orbital phases including the pre-periastron 
flare. The source is clearly detected in all INTE- 
GRAL instruments in most pointings. The derived 
X-ray light curves show strong variability on all 
timescales. Depending on the orbital phase of the 
pointings, the luminosity changes by factor of more 
than 10 during the pre-periastron flare compared 
to other pointings. Furthermore, broad band spec- 
tra using all instruments available on INTEGRAL 
are compared with data taken by the RXTE instru- 
ments P GA and HE XTE (using the same data as in 
Ikrevkcnbohm et al J. 12004) . 
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Figure 1. Sketch of the syste m GX 301-2 / Wr ay 911 
based on the parameters of Kaver et al\ J^IQQA) . The 
approximate position of the pre periastron flare is 
shown in grey. The inner circle represents the size 
of Wray 911 when using the m ore conservative values 
given bu \Parkes et al\ \198(\) . 



1. WRAY977 AND GX 301-2 



GX301— 2 consists of a 1.4 Mq neutron star orbiting 
the early B-emission line star Wray 977. The neu- 
tron star is an accreting X-ray pulsar with a rota- 
tional period of~685s and a magnetic field strength 
of ~4 X 10^^ G (derived from the measurement of 
a cyc lotron li ne at ^35 keV. [ Krevkenbohm et all 
I200I . While iParkes et all mm cla s sify W ray 977 
as a B2 lae suoergiant. iKaper et al.1 l)1995() reclas- 
sify it as a Bl la-l- hypergiant, derive a distance of d 
= 5.3 kpc, opposed to ~1.8kpc, and a higher lower 
mass limit of ~48M0. The latter authors also es- 
timate a mass- loss via wind (woo = 400 km s~^) of 



~10~^ M0/yr which is one of the highest wind-mass- 
loss rates known. This dense wind can supply the ac- 
creting neutron star even over a large distance (e.g., 
apastron) with enough material to explain the ob- 
served luminosity of ^10^^ erg s~^. 

The orbit of the neutr on s t ar ha s a period of 
41.498±0.007days (Koh et all I1997D and an eccen- 
tricity of 0.472. Shortly before periastron passage, 
the neutron star passes through the atmosphere at a 
height of -0.1 R* above Wray 977 (see Fig.^J. This 
gives rise to a significant fraction of the X-rays being 
reflected by the stellar companion. Furthermore it 
also intercepts a gas stream from the optical com- 
panion resulting in periodic extended flares which 
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Figure 2. Folded light curve (FLC) using all available 
data (starting in 1996 until now) on GX301—2 of the 
All Sky Monitor on board RXTE. The light curve 
has been folded w ith the orbital period of ^1.498 d 
\Koh et al\ . \199'X) . The periastron passa ge has been 
extrap olated based on the ephemeris of \Koh et aP 
\199'\] . For clarity the folded light curve is shown 
twice. The dashes above the light curve indicate 
orbital phases during which INTEGRAL observed 
GX 301-2. 




Figure 3. ISGRI image (energy band 20-40 keV) 
of GX301—2 using GPS data. This observation 
was taken during the extended low following the pe- 
riastron passage (MJD 52668.42). The position of 
GX301—2 is indicated by a circle. 



are centered shortly before periastron passage (see 
Figs.mU and Pravdo et al., 1995). After the perias- 
tron passage the X-ray activity reaches a minimum to 
increase slowly over the orbit with a possib le second 
maximum at apastron IjLeahvl [l991l 1200^ . During 
the pre-periastron flare, GX301— 2 can be 25 times 
brighter than in quiescence and the source is very 
variable: brightness changes by a factor of two within 
one hour are not uncommon IIRothschild fc Soond . 
ll987HKrevkenbohm et"a^l2004^ . Following the pe- 
riastron passage is an extended low which is prob- 
ably due to the optical companion almost eclipsing 
the neutron star. 

The spectrum of GX301— 2 is usually modeled by a 
power law modified at higher energies by an expo- 
nential cutoff and photoelectric absorption at lower 
energies. The spectrum is further modified by an ad- 
ditive iron fluorescence line at 6.4 keV and a cyclotron 
resonant scattering feature (CRSF) at ~38keV. 



2. DATA 



GX 301—2 was observed several times by INTE- 
GRAL during the Galactic Plane Scan (GPS). We 
obtained 24 Science Windows (ScWs) during which 
GX 301-2 was in the field of view (FOV) of IS- 
GRI and SPL Since the FOV of JEM-X is con- 
siderably smaller, the source was only visible in 2 
ScWs. The observations cover almost all orbital 




Figure 4- ISGRI image (energy band 20-40 keV) of 
GX301—2 using GPS data. This observation was 
taken during a pre-periastron flare (MJD 52700.47): 
GX301—2 was '^4 times brighter than in most other 
ScWs and over 10 times brighter than during the ex- 
tended low (note the bright spot). 
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Figure 5. a Data (exposure time ^55ksec) and folded 
model of the spectrum of GX 301-2 (top: ISGRI, 
bottom: SPI). b Residuals of the fit. 



phases, but are mostly concentrated around orbital 
phase ~0.1 (see Fig.|21), where the source is relatively 
dim. In the ScWs taken when GX301— 2 is in the 
extended low around orbital phase 0.2, the source is 
only marginally detected. Fortunately, we also have 
one observation during the pre-periastron flare, (see 
Fig. O and Fig. 0J. During this pre-periastron flare 
the luminosity of the source increased by a factor of 
~10: compare Fig. ^and FigOwhen the source was 
in the extended low. 
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Figure 6. a Data and folded model (partial covering 
model plus a CRSF; see text for details) of GX301—2 
using instruments of RXTE (PGA, 3keV-20keV, 
and right, top: HEXTE, 20-80 keV) and INTE- 
GRAL (right, middle: ISGRI and right, bottom: 
SPI). b residuals for fit without a CRSF and c resid- 
uals when including a CRSF at 34.0±0.5 keV with a 
width of4.2±0.5keVand a depth t = 0.14 ±0.01. 



3. SPECTRA 



We derived spectra for all ScWs for SPI and ISGRI 
using OS A version 3.0 which were then combined 
to obtain spectra of higher statistical quality. To 
model the resulting spectra, we used several mod- 
els including a single power-law, a power-law modi- 
fied by an exponential cutoff (in XSPEG: cutoff pi), 
and a power-law modified at higher energ ies by the 
Fermi-Dirac cutoff fFDCQ- .Tanakal 11986 



^NS(E)(£') — ^PL 



E- 



exp((£;-Scut)/^F) + l 



(1) 



To get coverage at energies below ~25keV, we used 
a 200ksec RXTE observation taken in 2000 cover- 
ing most of t he pre-periastron flar e and the perias- 
tron passage l|Krevkenbohm et all |20^. Since a 
power law plus cutoff cannot d escribe the spectrum 
of G X 301-2 below ~20keV (jKrevkenbohm e t all 
l20fllD . we used an ab sorbed partia l covering model 
(PC; as described by iKrevkenbohm et al.l 1200^ to 
simultaneously fit INTEGRAL and RXTE data (see 
Table ^|. The high values for the high as well as the 
less absorbed component show that the neutron star 
is indeed deeply embedded in the dense stellar wind 
of the optical companion. 



The c onventional high energy cutoff of IWhite et al.l 
l|1983^ cannot be used a s it produces line like residu- 
als at the cutoff energy l|Krevkenbohm et all 11999(1 . 
While the FDCO and the cutoffpl produce almost 
identical results in terms of resulting parameters (see 
Table ^ and x^, simpler models like a single power 
law cannot describe the data at all. The resulting 
parameters show clearly that low energy coverage is 
required: for the FDCO model, the cutoff energy 
could not be determined and had to be fixed to a 
typical value. 



At higher energies, the HEXTE and the INTEGRAL 
instruments do not agree very well, as shown in 
Fig. El While the HEXTE clearly shows the pres- 
ence of a cyclotron feature at ~35keV, there is only 
an indication for a feature at the same energy in the 
ISGRI data. Due to remaining calibration issues we 
are not able at this moment to confirm the cyclotron 
scattering feature with the ISGRI data. To clearly 
detect the CRSF in SPI data, significantly more data 
are required. 



Table 1. Fit results. The models in use are a power 
law + Fermi-Dirac cutoff (FDCO), the cutoffpl, and 
a partial covering model (PC). 
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